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(57)Abstract 

PURPOSE: To provide a gallium nitride compound semiconductor light 
emitting diode which is very stable in emission luminance and emission 
output power and more enhanced in characteristics, wherein the light 
emitting diode is of P-N junction-type double hetero-structure and 
possessed of an InGaN active layer and clad layers of N-type or P-type 
GaAIN. 

CONSTITUTION: An N-type GaN contact layer 2. an N-type Gal-XAXIN (0 
<X<1) first clad layer 3, an N-type or P-type Gal-YInYN (0<Y<1) active 
layer 4, and a P-type Gal-ZAIZN (0<Z<1) second clad layer 5 are 
successively laminated on a substrate 1, wherein the first clad layer 3 is set 
to 1 X 1017/cm3 to 1 x 10l9/cm3 in electron carrier concentration to 
enhance a light emitting diode of this construction in emission luminance 
and emission output power 
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V Nonces * 

Japan Patent Office ia not responsible for any 
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1. This document has been translated by computer.So the translation may not reflect the original precisely. 

2. sho\ws the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The gallium-nitride system compound semiconductor light emitting device which is a gallium-nitride system 
compound semiconductor light emitting device characterized by providing the following, and is characterized by acjusting 
the electronic carrier concentration of the clad layer of the above first to the range of three to Ix1019/cm3 of 1x1017- 
/cm. The contact layer which consists of n type GaN at least on a substrate. The first clad layer which consists of n type 
Ga1-XAIXN (0<=X<=1). The barrier layer which consists of an n type or p type Gal-YlnYN (0< Y<1). Structure where the 
laminating of the second clad layer which consists of p type Gal-ZAIZN (0<=Z<=1) was carried out to order. 
[Claim 2] The gallium-nitride system compound semiconductor light emitting device according to claim 1 characterized by 
adjusting the electronic carrier concentration of the aforementioned contact layer to the range of three to 2x101 9/cm3 of 
5x1016-/cm. 

[Claim 3] The aforementioned barrier layer is the claim 1 characterized by being n type Ga1-YlnYN by which n type dopant, 
p type dopant or p type dopant and n type dopant were doped, or a gallium-nitride system compound semiconductor light 
emitting device according to claim 2. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[industrial Application] this invention relates to the gallium-nitride system compound semiconductor light emitting device 

used for ultraviolet blue, green light emitting diode, laser diode, etc. 

[0002] 

[Description of the Prior Art] We proposed Japanese Patent Application No. No. 70873 [ five to ], Japanese Patent 
Application No. No. 70874 [ five to ], Japanese Patent Application No. No. 1 14541 [ five to ], Japanese Patent Application 
No. No. 1 14542 [ fiv© to ], Japanese Patent Application No. No. 11 4543 [ five to ], Japanese Patent Application No. No. 
1 14544 [ five to ], etc. about the gallium-nitride system compound semiconductor light emitting device of terrorism 
structure to the p-n junction type double which makes InGaN a barrier layer and uses n type and p type GaAIN as a clad 
layer, the gallium-nitride system compound semiconductor light emitting device from which the maximum brightness, such 
as conditions which change luminescence intensity of a light emitting device, such as conditions, such as a kind of dopant 
doped to InGaN which is a barrier layer, concentration, and carrier concerrtration, or a kind of dopant of p type clad layer, 
and concentration, to such technology, is obtained is indicated, and, specifically, we succeeded in realization of the blue 
light emitting device of 500 or more mods which was not realized at all conventionally with the technology of these 
[0003] However, according to the conditions of the gallium-nitride system compound semiconductor layer which still 
constitutes a light emitting device, dispersion will arise in the luminescence intensity of the obtained light emitting device, 
and a radiant power output, and the further improvement needs to be added as a light emitting device is manufactured 
using those technology. 
[0004] 

[Problem(s) to be Solved by the Invention] Therefore, while obtaining the luminescence brightness and radiant power output 
which were stabilized in the gallium-nitride system compound semiconductor light emitting device of terrorism structure to 
the p-n junction type double which this invention was accomplished in view of such a situation, and the place made into the 
purpose made InGaN the barrier layer, and used n type and p type GaAIN as the clad layer, it is in raising those properties 
further. 
[0005] 

[Means for Solving the Problem] The gallium-nitride system compound semiconductor light emitting device of this invention 
The contact layer which consists of n type GaN at least on a substrate, and the first clad layer which consists of n type 
Gal-XAIXN (0<=X<=1), The barrier layer which consists of an n type or p type Gal-YInVN (0< Y<1), It is the gallium-nitride 
system compound semiconductor light emitting device which has the structure where the laminating of the second clad 
layer which consists of p type Gal-ZAIZN (0<=d<=:1) was carried out to order. It is characterized by adjusting the 
electronic carrier concentration of the clad layer of the above first to the range of three to 1x101 9/cm3 of 1x101 7-/cm. 
[0006] The cross section showing the structure of the gallium-nitride system compound semiconductor light emitting device 
of this invention is shown in drawing J__ . n type the n type Gal-XAIXN layer an n type Gal-aAlaN contact layer and whose 
3 1 is the first clad layer as for a substrate and 2, and whose 4 are barrier layers or a p type Ga I -YInYN layer, the p type 
Gal-ZAIZN layer whose 5 is the second clad layer, and 10 and 11 are electrodes. 

[0007] Although sapphire, SiC. ZnO, etc. can be used for a substrata 1. sapphire is usually used. The light emitting device of 
the structure of drawing 1 shows the sapphire which is an insulating substrate. Moreover, if buffer layers, such as GaN and 
GaAIN, are formed between a substrate 1 and the contact layer 2, the crystallinity of the contact layer 2 which grows on a 
buffer layer will become good, especially in this invention, as indicated to JP,4-297023.A, by making a buffer layer the same 
as that of composition of the contact layer 2. the crystalline contact layer 2 which was very excellent is obtained, and the 
crystallinity of the gallium-nitride system compound semiconductor which grows on the contact layer 2 is markedly alike, 
and improves 

[0008] Next the contact layer 2 needs to be n type GaN. because, the contact layer 2 — the duality of GaN — as 
compared with mixed crystal, it considers as the 3 yuan mixed crystal which added aluminum — if it is alike, and follows and 
grows up by thickness 0.3 micrometers or more — under a crystal — a crack — entering — being easy — it is in the 
inclination for crystallinity to become bad If crystallinity becomes bad. on the contact layer 2. the crystallinity of the 
gallium-nitride system compound semiconductor which carries out a laminating will also become bad. and luminescence 
intensity and a radiant power output will decline. Moreover, if n type electrode 10 and an ohmic contact become is hard to 
be obtained, for example, aluminum is contained more than a half to Ga, it will become an electrode 10 and Schottky 
contact closely. Moreover, it is desirable three to 2x1019/cm3 of 5x1016-/cm and to adjust the electronic carrier 
concentration of the contact layer 2 to the range of three to 1x101 9/cm3 of 1x1017-/cm still more preferably. When there 
is less the electronic carrier concentration than 1x1017-/cm3 and there is than 2x101 9-/cm3. it is in the inclination for a 
radiant power output to decline. [ more ] It is better to adjust electronic carrier concentration as a desirable n type by 
doping and carrying out the crystal growth of the IV group element which are n type dopants, such as Si. germanium, Te, 
and Se, since it is difficult to adjust electronic carrier concentration only on growth conditions as it is a non dope, although 
there is a property in which a non dope also becomes n type as everyone knows in the case of a gallium-nitride system 
compound semiconductor. 
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^ ^ ^ f n type Ga1-XAIXN which is the first clad layers — three to 

1x1019/cm3 of 1x10*l7-/cm — it is necessary to acjjust to the range of three to 8x1018/cm3 of 2x1017-/cm still more 
preferably If there is less the electronic carrier concentration than 1 xlOl 7-/cm3, since the resistivity of th^ first clad layer 
3 will become high, consequently forward voltage will become high, luminous efficiency falls. Since ther is still I ss 
electronic carrier concentration, it is poured into the part and a barrier layer 4 and electronic carrier reduction is carried 
out luminous efficiency falls. Moreover, if [ than 1x101 9/cm3 ] more, the half-value width of the X-ray rocking curve of the 
first clad layer 3 will become 10 minutes from about 5 minutes, and crystallinity will fall clearly. Therefore, on th first bad 
crystalline clad layer 3, since the crystalline improvement in a barrier layer is not found even if it carries out the laminating 
of the barrier layer 4, the luminous efficiency of a light emitting device falls. It is indispensable requirements to adjust the 
rate of this fall to the aforementioned range, since the first clad layer 2 is larger than change of the electronic carrier 
concentration of the contact layer 2. Although it cannot be overemphasized that n type dopant can be doped and acjusted 
like the contact layer 2 for adjusting electronic carrier concentration, in this first clad layer 2, having used Si most 
preferably tends to adjust electronic carrier concentration. 

[0010] n typd is sufficient as the Gal-YInYN layer which is a barrier layer, and p type is sufficient as it. To consider as n 
type in the state of a non dope, or a Gal-YlnYN layer It can consider as n type by doping and carrying out the crystal 
growth of the aforementioned n type dopant Moreover, it can consider as p type by carrying out annealing above 400 
degrees C after the Gal-YInYN layer growth which is made to carry out a crystal growth or contains p type dopant so that 
n group element which are p type dopants, such as Zn, Mg, and calcium, may be doped to consider as p type and p type 
property may be shown. As shown in Japanese Patent Application No. No. 70874 [ five to ], most preferably p type dopant. 
Or [ whether the Gal-YInYN layer dopes p type dopant and n type dopant, and it was made to become n type is made into 
a barrier layor. and ] Or a radiant power output and luminescence intensity increase by making into a barrier layer the Gal- 
YInYN layer which doped n type dopant and adjusted electronic carrier concentration to the range of three to 5x1021/cm3 
of 1xl017-/cm. 

[001 1] The p type Gal-ZAIZN layer which is the second clad layer can do the Gal-ZAIZN layer which carried out annealing 
above 400 degrees 0 and which was used as desirable p type after the Gal-ZAIZN layer growth containing the Gal-ZAIZN 
layer which carried out the crystal growth so that p type dopant might be doped as mentioned above and p type property 
might be shown, or p type dopant with the second clad layer. A radiant power output and luminescence intensity can be 
increased by using the p type Gal-ZAIZN layer which doped Mg as a p type dopant by the density range of three to 
1x1021/cm3 of 1x1018-/cm like [ it is desirable and ] a Japanese Patent Application No. [ No, 1 14544 / five to ] 
publication. 
[0012] 

[Function] Drawing 2 is drawing showing the relation of the electronic carrier concentration of the first clad layer, and the 
luminescence intensity of a light emitting device, and this is sot to the light-emitting-device light emitting device of the 
Structure of drawing 1 . An Si dope n type GaN layer and the first clad layer 3 for the contact layer 2 An Si dope n type 
GaAIN layer, A Zn and Si dope n type InGaN layer and the second clad layer 5 are made into a blue light emitting device 
with a main luminescence wavelength of 460nm for a barrier layer 4 as a Mg dope GaAIN layer, and the relative value of the 
luminescence intensity at the time of changing only the electronic carrier concentration of the first clad layer is shown. 
Each point (-) of drawing 2 shows the electronic carrier concentration 5x1016, 1x1017, 2x1017. 3x1017. 1x1018. 5x1018. 
8x1018, 1x1019. and 2x1019-/cm3 sequentially from the lower one. In this invention, the range which falls to ^Q% is made 
into the limited value of the electronic carrier concentration of the first clad layer to the highest luminescence intensity, 
and let the range of the electronic carrier concentration which has 50 more% or more of luminescence intensity be a still 
more desirable range so that you may understand, even if it sees this drawing. 

[0013] Moreover, the relative value of luminescence intensity when drawing 3 is similarly drawing showing the relation of a 
light emitting device with the electronic carrier concentration of the contact layer 2 and changes only the electronic carrier 
concentration of the contact layer 2 in the above-mentioned light emitting device also with this same and the light emitting 
device of the same structure is shown. In addition, in this drawing, electronic carrier concentration of the first clad layer 3 
was set to Ixl018-/cm3. Each point (**) of drawing 3 shows the electronic carrier concentration 3x1016. 5x1016, 1x1017, 
5x1017. 1x1018. 5x1018. 1x1019, 2x1019, and 5x1019Vcm3 sequentially from the lower one. Therefore, in the light emitting 
device of this invention, the range which falls to 10% is made into the range with the desirable electronic carrier 
concentration of a contact layer to the highest luminescence intensity, and it considers as the range which has 50% or more 
of luminescence intensity as a stilt more desirable range. 
[0014] 

[Example] By the [example 1] MOCVD method, on silicon on sapphire with a thickness of 300 micrometers An Si dope GaN 
layer as 200A and a contact layer for the buffer layer which consists of GaN 4 micrometers, Si dope Ga0.9aluminum0.1N 
layer as first clad layer 0.1 micrometers, The gallium-nitride system compound semiconductor wafer which carried out the 
lamir^atrng of the 0.1 micrometers for the p mold Ga0.9aluminum0.1 N layer which doped Mg for the n mold In0.1Ga0.9N layer 
which doped Zn and Si as a barrier layer as 0.1 micrometers and second clad layer to order was created. In addition, the 
electronic carrier concentration of the contact layer of this wafer was 1x101 8-/cm3, and Ix1018-/cm3 and the electronic 
carrier concentration of a barrier layer of the electronic carrier concentration of the first clad layer were Ix1019-/cm3. 
[0015] Next, it etches, after forming a predetermined mask in the front face of the clad layer of the above second, and the 
contact layer for forming n electrode is exposed. After forming an electrode in p clad layer and exposed n contact layer 
according to a conventional method, annealing was performed above 400 degrees C and the p mold Ga0.9aluminum0.1N 
layer which is the second clad layer was further formed into low resistance. 

[0016] When the wafer obtained as mentioned above was cut out in the shape of a chip and light was made to emit as a 
blue light emitting device, in 20mA of forward voltage. Vf is 4.3V and the luminescence brightness in the main luminescence 
wavelength of 460nm showed 1400mcrf(s), 1600micro of radiant power outputs W, and the greatest ever luminescence 
brightness and a radiant power output. 

[0017] When 0.3-micrometer laminating of the Mg dope p type GaN layer was further carried out as second contact layer 
and also it considered as the blue light emitting device similarly on the second clad layer p mold Ga0.9aluminum0.1N layer of 
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u«^-,.„ J r— — ^-^^ became luminescence brightnessTeOOmcd and 2000micro 

of radiant power outplrts W. in addition, the electrode by the side of p cannot be overemphasized by having formed in the 
second corrtact layer. 

[001 8] In case the contact layer of the [example 3] example 1 was formed when It set electronic earner concentration to 
5x101 6-/cm3 and also considered as the light emitting device similarly, they were radiant-power-outptrt 300microW and 

luminescence brightness 200mcd _^ ^ * 

[0019] In case the first clad layer of the [example 4] example 1 was formed, when it set electronic carrier concentration to 
1x101 7-/cm3 and also considered as the light emitting device similarly, they were output 200microW and luminescence 
brightness 150mcd. 

[0020] , . . 

[Effect of the Invention] As explained above, the luminescence intensity of a light emitting device and a radiant power 
output improve by leaps and bounds by adjusting the electronic carrier concentration of first n type clad layer which 
constitutes the light emitting device from a light emitting device of this invention. Moreover, also in the electronic earner 
concentration of n type contact layer which should prepare the electrode of n layers, if the value is adjusted, the radiant 
power output of a light emitting device and luminescence intensity can be raised like the first clad layer. And the stable 
luminescence brightness and the light emitting device which has a radiant power output can be offered, and the utility value 
on industry has a very large thing. 
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[Brief Description of the Drawings] r u- • 

LQrawing 1] The type section view showing the structure of the light emitting device of one example of this invention. 
rDrawinV2] Drawing showing the relation between the electronic carrier concentration of the first clad layer, and the 
luminescence intensity of a light emitting device. 

rOrawing 3] Drawing showing the relation between the electronic carrier concentration of a contact layer, and the 
luminescence intensity of a light emitting device. 
[Description of Notations] 

1 ... Substrate 

2 ... n type Gal-aAlaN contact layer 

3 ... n type Gal-XAIXN clad layer 

4 ... n or p type Gal-YInYN barrier layer 

5 ... p type Gal -ZAIZN clad layer 
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DRAWINGS 



[Drawing 1] 




[Drawing 3] 
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CORRECTIO N or AMENDMENT 

[Official Gazette Type] Printing of the amendment by the convention of 2 of Article 1 7 of patent law. 
[Section partition] The 2nd partition of the 7th section. 
[Date of issue] March 28. Heisei 9 (1997). 

[Publication No.] Publication number 7-162038, 
[Date of Publication] June 23. Heisei 7 (1995). 

format] Open patent official report 7-1621. 
[Filing Number] Japanese Patent Application No, 5-310533. 
[International Patent Classification (6th Edition)] 

HOIL 33/00 

HOIS 3/18 

HOIL 33/00 C 7630-2K. 

HOIS 3/18 7630-2K. 

[Procedure revision] 
[Filing Date] May 13, Heisei 8. 
[procedure amendment 1] 
[Document to be Amended] Specification. 
Dtem(s) to be Amended] Claim. 
[Method of Amendment] Change. 
[Proposed Amendment] 
[Ctaim{s)] 

[Claim 1] The gall ium-nrt ride system compound semiconductor light emitting device which is a gallium-nitnde system 
compound semiconductor light emitting device of terrorism structure in the double characterized by providing the following, 
and is characterized by ac(justing the electronic carrier concentration of the clad layer of the above first to the range of 
three to Ix1019/cm3 of 1x101 7-/cm. The first clad layer to which a band gap consists of a large n type gallium -nitride 
system compound semiconductor rather than a barrier layer at least on a substrate. The barrier layer which consists of an 
n type containing an indium, or a p type gallium-nitride system compound semiconductor. The second clad layer which a 
band gap becomes from large p type nitride semiconductor rather than a barrier layer. 

[Claim 2] The gallium-nitride system compound semiconductor light emitting device according to claim 1 characterized by 
having the contact layer which consists of n type GaN between the aforementioned substrate and the clad layer of the 
above 1st. 

[Claim 3] The gallium-nitride system compound semiconductor light emitting device according to claim 2 characterized by 
acjiusting the electronic carrier concentration of the aforementioned contact layer to the range of three to 2x1019/cm3 of 
5x1016-/cm. 

[Claim 4] The aforementioned barrier layer is a gallium-nitride system compound semiconductor light emitting device given 

in any 1 term of the claim 1 characterized by doping n type dopant, p type dopant or p type dopant and n type dopant and 

specifying the conductivity type, or the claims 3, 

[Procedure amendment 2] 

[Document to be Amended] Specification. 

[Item(s) to be Amended] 0004. 

[Method of Amendment] Change. 

[Proposed Amendment] 

[0004] 

[Problem(s) to be Solved by the Invention] Therefore, while obtaining the luminescence brightness and radiant power output 
which were stabilized in the gallium-nitride system compound semiconductor light emitting device of terrorism structure to 
the p-n junction type double to which this invention was accomplished in view of such a situation, the place made into the 
purpose made In GaN the barrier layer, and the band gap used the large gallium-nitride system compound semiconductor as 
the clad layer rather than barrier layers, such as n type and p type GaN, and GaAIN. it is in raising those properties further. 

[Procedure amendment 3] 

[Document to be Amended] Specification. 

Dtem(s) to be Amended] 0005. 
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[Means for Solving the Problem] The gallium-nitride system compound semiconductor light emitting device of this invention 
The first clad layer to which a band gap consists of a large n type gallium-nitride system compound semiconductor rather 
than a barrier layer at least on a substrate. The barrier layer which consists of an n type containing an indium, or a p type 
gallium-nitride system compound semiconductor. It is the gallium-nitride system compound semic nductor light emitting 
device of terrorism structure in the double which has the second clad layer which consists of a barrier layer from p type 
nitride semiconductor with a large band gap. It is characterized by adjusting the electronic carrier concentration of the clad 
layer of the above first to the range of three to 1xl019/cm3 of 1x101 7-/cm. In the light emitting device of this invention, 
as for the first clad layer, it is desirable that it is n type Gal-XAIXN (0<=X<=1X as for a barrier layer it is desirable that it 
is Gal-YInYN (0< Y<1), and, as for the second clad layer, it is desirable that it is p type Ga1-2AIZN (0<=Z<=1). It is 
desirable to have the contact layer which consists of n type GaN between the aforementioned substrate and the clad layer 
of the above first further again, and, as for the electronic carrier concentration of the n type GaN contact layer, it is most 
desirable to be adjusted to the range of three to 2x1019/cm3 of 5x101 6-/cm. 
[Procedure amendment 4] 
[Document to be Amended] Specification. 
Dtem(s) to be Amended] 0006. 
[Method of Amendment] Change. 
[Proposed Amendment] 

[0006] The cross section showing one structure of the gallium-nitride system compound semiconductor light emitting 
device of this invention is shown in drawing 1. n type the n type Gal-XAIXN layer an n type GaN contact layer and whose 3 
1 is the first clad layer as for a substrate and 2. and whose 4 are barrier layers or a p type Gal YInYN layer, the p type 
Gal-ZAIZN layer whose 5 is the second clad layer, and 10 and 11 are electrodes. 



[Translation done.] 




.Aran web c(^i eiie?u=httD%3A?f.2F%2Fwww6jDdl.iDo.«o.iD%2Frokuiitu'ii2FtihtcntJDd!&N0000=^^ 03/03/26 



(i9)0*s^i9iF/f (jp) (12) ^ 13 4^ 1^^ ^ S (A) (um^thm'Am^^ 

#|g¥7" 162038 



HOIL 33/00 C 
HOIS 3/18 





<»i¥5 -310533 




000226057 
















¥^5 ¥0993) 12^ 100 




a©i&^m*±<f»rB49i#*ioo 










'fit if- 










«aiRWST&±ifairrii?49i#^ioo 






























i8aiftPf^m±ff>vTiii4di#^ioo 















t 



<S7) ffitt] (tfTEff) 

G a A 1 N & 5 t p - n S^^^ :/;t/'V7^ 

X. ««ufc^3Ws, ^aa:^^^5 tittle, ^ne 

>^i7hm2t. nilGai-iAIxN (O^X^l) ^ 

i-T I nrN (0<Y<1) J;0:ft^?gl4S4ci:. p3S!G 
ai-iAlaN (O^Z^l) co^v-^HS 

fflk'l-S' tIriO. %3tliffi, se3ttH:^^f6j±5'e' 




(2 

1 

:2y^^h^L. nlGai-iAliN (O^X^l) J: 
0U^^-O^yy]:mt. n«B*-5VittpStDGa 
i-T I nrN C0<Y<1) ^DU^m^Mt. pmCsi 

ro 0 0 11 

[0 00 2] 

L-, a-ertt?fIS¥5- 7 0 8 7 3^, *JH¥ 5 - 7 0 8 Jt? 
7 4^, 1#H¥5- 1 1 4 54 1^. 5 - 1 1 4 

54 2^, ^$IS^5-1 1 4 54 3^, 4^P¥5-1 L 

4 5 4 4#*^S«Lfc. cin^tofe^irsj. 

as I nGaNICh*->^5K-A>hoa^g, 

[0 0 0 3] Lt^L. ^n^(Dfe«^fflU%3fc^^*ia 
[00 04] 

aA 1 N^:i^5-;/ K©i:L/)tp n^^ay:/;y-sxa 



I l^ia^r- 1 6 2 0 3 8 

[0 0 0 51 

S!©Gai T 1 niN (0<T<1) i;»3>i-5Sft)Bi, 

pSGai-zAIiN (O^d^l) J;!9;'j:-6^r®i?7 

[0 0 0 6] ^^^<o%^{t:f^^)^Am:^m^m^^yt 
^^<r)m^^^tmm^mi\z^r, 2\t 

T»^)P^Gai-:A lim 1 0, :fei;t5l 

[0 0 0 7] mmi\z\t^yr^r. sic. zno^ 

ji « ^^^^T «lft«tt^«T 35 ^ 7 r -< T ^ ^ UT 

G aA 1 N^c^J/^y^rl^i^j^-rSi. /i^yyyMO) 
h\z^mt^-Ji>^^hM2m»i^t^J:i<f3:^. ^iz 
*^?^iC:feViTil, i!fM¥4- 2 9 7 0 2 3<?-;cM;fU 

=i>^^hm2(D±iz^mti>mit:^'j'yi. 

[0 0 0 8] 'A^ZZ3>^^ hMZltTimG^N-Cib^Z 

-TCliSiCifcUT, Al^lll]A)S:Hinglrih-r'S»tCiae 
Vi, 0. Z nm^A^O^mm-V^^t^ti^St^lZ^ yy 

5X 1 0»s/cm>-2X 1 O^^/ca^. t^lZtS-^L<\t 
1 X 1 O^'/o'-lx 1 O'^/ci^co^fflECHS-r-SC 
t^d^ifS LVi. ^•Ofi^=!r^iJ72ftS*U X 1 O^'/CB 

iit^^Tt^^\^\zhii. *fl:;*fU^A^ik^*^«# 
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1 

3>9^hmt. n^Gai-iAliN (O^I^l) ^ 
0;i^^--<0^7*y Hit. n?E!*^VWlpgSeGa 
:-TlnTN (0<Y<l)*J;0?a^»fe^fla:. pS!Ga 

5 X 1 o-vcni^'-2x 1 /cTi^(r>mm\zm^^nx 

[0 0 0 1] 
[00 0 2] 

ife>erll#S¥5- 7 0 8 7 3-^, ?#«¥5-7 0 8 
7 4^, ^K^F 5 - 1 1 4 5 4 1 5-114 
5 4 2^. 4^a^5-l 1 4 54 3^, !|^fg^ 5 - 1 i 

4 5 4 4^«£g3iLfc, c:ne.^)tt«fcfi> m^sr 

SWl'iD, a^lia*^<SIS^nTV^;:;^^^;t5 0 
Omc dt4±<Offfi5^TCO^JC^U}t. 
[0 0 0 31 U;6i U ^H^^i cDfell5=&ffi U^SS^fc^J^^^il 

[0 0 0 4] 



(2) «^B|JF7-1 6 2 0 3 8 

^^is^\zmiib^ct\z$>^. 

[00 0 5] 

K^KiU^:n>^^hJ&t. nUGai-iAlxN (OS 
X^l) ^r^fJi^fli-(^^yyYmt. n«!A^^ifip 
^(DGai ,InrN (0<Y<1) i;0^^«ttSi, 
pMG ai-i A i iN (O^d^; 1) J^Oi^C'SSnOi?^ 

y }'mtfim\zma^nitmm^^^^^it^')OA^ 

«T-^t U7S^;)n X I O^Vcn^-l x 1 O^Vct^ 

m^(Dim^^tmim^mi\z^^. niss, 2\t 

nMGai-. AI.Nrn>^;^hJS, Z\m-<r^^yyY 

^;5:HpS!CQGai.i I ni NS. 5 tlfEziO^ ^ 'y KS 
^ T$i^pl!Ga;-iA liNl. 1 0 > ^Jil^l 1 ««« 

[0 0 0 71 Sife'itrti-9-7T-fr. s ic. zno^ 

^o^^mi'X\m»^m^xh^'^yr^7^^hx 

tri^, Sfel <h3>^i7fja2i:aWk:CaN, 

G a A 1 N^C0/\*^y77S$?K^T^>t, yt'y77S?) 

^^^JciSUTii, ^^YA~ 2 9 7 0 2 a^tCM^L 

Acj;^?c, A''>77M^:3>5'^h^20ifi^<tI^-Ii 

^^^m^mw(omm.imm\z^h-th^ 

[00 0 8] '^\Zn>^^Vm2\tnmGdinx^^Z. 
V\ 0, 3Mme^±OKi^-CjSt:&-r5i:i!aa^{C^7 7-y 

^PKK^^r<u^. m^mm<r^^mmzh^. m 
m^im<u^t'^<Duy^ ^ vm2(r>h\zmm't^^ 

^ny^^ \>fim'hri\z<<firi^ mx^Kit^G^\z 

5 x 1 oi^/cB^-a x 1 o^5/cB^ L<ti 

1 XI O^^Vcm^-l X 1 0''/ti^'a>mi\ZMmt^C 

^(DVf'^rnrm&t'^i X 1 o^VcB 



r 



(4 

5 

^»itit)(^:2>^^ hm^mm^"^^. 9^yy}^mtm 

»T*^ pl!G a0.9A 1 0. lN,S535tCfi®frijbL'Zl. 
[0 0 161 £ihcDj:5rUT^fc^x-A:^'5^-;:/:EJ^ 

l^dlA 1 6 0 0 M W^jfiife^ccD^m !«3t£iJ:^ 

COO 1 7] r^j6S^2] S?lt«ic0l6-C0^'v^:/ K® 
pl!Ga0.9A 1 O.lNlCO.hil. ^ 6l3^i:(7)a>^^ 
hiSi:L-CMg h"-:/pl!GaNji=SrO. 3 ;imS[Jit■ 
OOmcd, %3^Hi:^20 0 0 uW<h;^ofc» ?5:^>, p 

[0018] :mmm3] mikmi<03>^^hm^m 20 

mW, K«WS2 0 0mcdT^!^o>5:, 

^Jg^f^Kt. «^4^Ur«^^l X 1 o-Vci^i: 



«^M¥7-1 6 20 3 8 

5 

jxW, :%3tJiaEl 5 Omc dT*o^o 
[0 0 2 0] 

i- u 7 * aarr ^ c t i: . ^3te*^(7>«3t 

[^c?ffi^K9^] 

1 • • -s® 

2 ■ • - n^Gai .A l.Nnv^'^ hS 

3 — • n^Gai-iAliN^^^vHS 

4 • « • nS;tap5fGai-i I mNfllfSS 

5 . < - p^Gai-i A IrNi^^-y HJi 
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(5) ^^lir¥7-1 620 3 8 



[03] 




lO" lo'* 10** 



[SttJBl ¥^6 5^1 2^ 1 78 
[ffilE^iilJli^] 0 0 0 6 



'5n3[Gai^iA IxNii, 4}2«tt»Tft^.n5(^ft« 

pa!Gai-i A liNJS, 10, U;3:«aT* 
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